Short communications
In addition, litter sizes were repeatedly small and the new-borns had diarrhoea and running eyes. These effects were observed sporadically. Some litters appeared to be normal although some of the offspring had ruffled coats and thus may not have been completely healthy. Stocks of uninfected animals did not exhibit these effects, except for small litter sizes which were observed occasionally.
Approximately one year after intraperitoneal inoculation, three pregnant mice were sacrificed and found to contain abnormal uteri. Two of these contained only two embryos as opposed to the normal complement of 7 to 14 while the third contained a single large dead foetus. Each pair of viable embryos was treated by standard procedures for preparing primary embryo cultures (Younger, 1954) , and passaged for several generations. Extreme care was taken while removing the embryos from the mothers and in their subsequent cultivation to ensure that contamination with MCMV from either the laboratory or the maternal tissues did not occur. The two lines were kept separate, and designated EM-2 and EM-3. The single large foetus (EM-1) was discarded as it did not yield viable cells and had no infectious virus associated with it.
At passage 4 the EM-3 cells developed a characteristic MCMV-induced cytopathic effect (c.p.e.). On examination of the medium of these cultures under the electron microscope, herpes-like virions were detected with the multicapsid structure unique to MCMV (Hudson et al. I976) , indicating that activation of latent MCMV had occurred. In contrast, there was no infectious virus associated with EM-2 cells from passage 1 to passage 7, after which the line degenerated without any obvious production of c.p.e. Virus-like particles were not detected in the medium, nor in cell lysates of EM-z cells and therefore the search was extended to include the possibility that latent MCMV was present in these cells. Indirect immunofluorescence and in situ hybridization tests were performed on EM-2 cells fixed on coverslips from early passages, while solution hybridization was conducted using cells from later passages when more material could be obtained.
The result of an indirect immunofluorescence test is shown in Fig. I . The antisera for these experiments were prepared in rabbits against total infected cell lysates as has been described elsewhere (Chantler & Hudson, 1978) . The sera were adsorbed thoroughly against mock-infected cells before use and gave minimal background fluorescence in uninfected cells (Fig. I a) but striking fluorescence with tertiary mouse embryo cells productively infected in vitro (Fig. I b) . The result for EM-2 cells is shown in Fig. I (c) and (d). These cells have a characteristic 'stringy' appearance which readily distinguishes them from normal EM cells during early passage. Although not all the EM-2 cells exhibited fluorescence, a significant number showed distinct membrane fluorescence as well as a small amount of granular fluorescence within the cell. In addition to this, occasional foci of bright fluorescence were observed. These results indicated that MCMV was indeed present in these ceils and that a low level of virus expression was occurring in discrete areas.
The search for the virus genome was conducted initially by DNA-DNA hybridization in solution, using DNA extracted from EM-2 cells at passage 7, and 12sI-labelled MCMV DNA (Misra et al. 1978) . However, because only a small amount of EM-2 DNA was obtained, only 50 #g of unlabelled DNA could be used per assay and no virus sequences were detected. This may have been due to the lack of sensitivity of the experiment due to the low concentration of cellular DNA, or alternatively, to a selective reduction of cells carrying the virus genome during successive passage of the EM-2 line. To surmount these problems, in situ hybridization was performed on coverslips of EM-2 cells obtained from passages 2 and 3-The protocol for this technique is described elsewhere (Haase et al. 1977) and outlined in the legend to Fig. 2 . Hybridization was carried out with 12~I-labelled MCMV probe DNA (by, The coverslips were then washed in acetate buffer (3o mM-sodium acetate, pH 4'5, Ioo mM-NaCI, 2 mM-ZnC12) and treated with IO units/ml of $1 nuclease at 5o °C. They were coated with Ilford K2 emulsion and after being exposed for I week, were developed and stained with Giemsa.
at 45 °C in 5o % formamide and autoradiography performed on the coverslips for I week. Embryo cells from uninfected mice, and cells infected with MCMV in vitro and harvested at 2o h p.i. were used as controls ( Fig. 2a and b) . The results show very low numbers of background grains in uninfected cells (a) while in contrast the infected cells at 2o h.p.i. contained many grains concentrated in the nucleus although also present in the surrounding cytoplasm (b). In comparison, the results for EM-2 cells are shown in Fig. 2(c) and (d) .
In (e), a single cell with cytoplasm barely visible can be seen to contain a high number of grains confined within the nuclear membrane. In (d) another EM-2 cell is shown with 4 or 5 grains in the nucleus and essentially none in the surrounding area. No foci of active replication could be identified by in situ hybridization as, during the procedures involved, a large number of the cells detach and only isolated cells remained on the coverslip. However, approximately the same proportion of cells as exhibited granular fluorescence were found to contain intra-nuclear grains by in situ hybridization.
These preliminary results in contrast to those of other workers (Medearis, I964; Johnson, I969) show that vertical transmission of MCMV from mother to foetus does occur. However, the virus appears to exist in the foetus in a latent form and has thus previously escaped detection. In the EM-3 cell line, the virus was reactivated by successive passage of the cells in vitro, but this may be an unusual occurrence. In the case of the EM-2 cells, infectious virus was not detected at any stage although significant virus gene expression was found by immunofluorescence and in situ hybridization. These results indicate that the asserted limitations of the murine system as a model for human cytomegalovirus infection may be unjustified. Jordan et aI. 1977 recently reported the reactivation of MCMV from latently infected mice using immunosuppression with anti-lymphocyte serum and corticosteroid. In this study, 97 % of mice inoculated subcutaneously with MCMV could be shown to harbour a latent infection some 4 to 8 months later. This finding, taken in conjunction with the possibility of impaired maternal responsiveness to foreign antigen during pregnancy (Hellstrom et al. 1969) , indicates a possible mechanism for reactivation of the virus under natural conditions. In addition, the genome of MCMV has been detected recently in germ-line cells of testicular origin by in situ hybridization (F. J. Dutko & M. B. A. Oldstone, personal communication). This suggests two possible mechanisms for transmission of the virus to the foetus; transplacental passage of a reactivated virus, or direct vertical transmission through a germ-cell. We cannot distinguish between these possibilities at present.
These findings, together with our detection of MCMV in viable embryos from latently infected mothers, have considerable implications for the proposal to vaccinate humans with live attenuated virus in an attempt to prevent CMV-induced birth defects. Indeed in preliminary results from a current experiment, we have found that both virulent strains of MCMV (passaged in mouse sub-maxillary gland) and attenuated strains (passaged in cell-culture) have very similar effects on pregnancy wastage in the offspring.
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